The electronic absorption spectra of cinnamaldehyde, o-, m-, p-hydroxycinnamaldehyde and 3-methoxy-4-hydroxy cinnamaldehyde were theoretically and experimentally studied, by means of the semiempirical CNDO/CI method. The calculated and observed transition energies were in good agreement.
Introduction
In the foregoing investigations 1 ' 2 , the electronic spectra of lignin model compounds of hydroxybenzaldehyde and quinoidic type were investigated by the CNDO/CI 3 method. In this study lignin model compounds of the cinnamaldehyde type (cinnamaldehyde, o-, m-, p-hydroxycinnamaldehyde, 3-methoxy-4-hydroxy cinnamaldehyde) have been theoretically and experimentally investigated. Cinnamaldehyde structures are suggested as very important chromogens of lignin 4 . Due to their absorption in the visible range of the spectrum they have to be destroyed during bleaching of lignified fibrous materials [5] [6] [7] . Thus the systematic experimental and theoretical study of these compounds in the ground and excited state is very important regarding the mentioned problems of lignin chemistry.
Experimental
The unsubstituted cinnamaldehyde used for the spectrophotometric measurements was a commercial preparation supplied by Loba-Chemie, Wien, freshly distilled before use. The o-, m-, p-hydroxycinnamaldehydes and the 3-methoxy-4-hydroxy cinnamaldehyde were synthetized according to procedures published in the literature 8 .
The spectra were measured with the Perkin Elmer, Model 323 recording spectrophotometer. As the substances investigated showed a low solubility in nonpolar solvents, spectrally pure ethanol (95%) was used. The experimental spectra are shown on 
Calculations
For the calculation of the electronic structures and the electronic spectra of the molecules investigated, the CNDO method was applied in the modification of Del Bene and Jaffe 3 . The calculation of two-centre repulsion integrals was carried out by the Mataga-Nishimoto approximation 9 . In the configuration interaction twenty of the lowest monoexcited configurations were taken into account in all cases.
The parametrization of Kuehnlenz and Jaffe 10 was applied, using the experimental geometry from the study 11 . All the models were assumed to be planar with Cs symmetry. The calculations were carried out with trans-cis isomers (Fig. 3 ) using the QCPE programme N. 174 on the Siemens 4004/150 computer in the Computing Center of the Komensky University, Bratislava.
Results and Discussion
Electronic States and Molecular Orbitals
The experimental and by the CNDO/CI method calculated energies and oscilator strengths are listed in of the indicated n -> n* transitions have the A' symmetry, the n -> n* transitions having the symmetry A", are symmetrically forbidden. The first three calculated N TI* transitions are bathochromically shifted in comparison with the experimental ones, which could be caused by the interaction of the solvent (ethanol) with the compounds studied.
Cinnamaldehyde
The experimental spectrum of the unsubstituted cinnamaldehyde measured in ethanol consists of three well separated 71 -> n* transitions at 35.1, 46.1 and 48.7 kK. The n -> n* transitions at 40.0 and 44.8 kK are present as shoulders. Besides, a very weak shoulder about 29.4 kK may be denoted as n -> re* transition. Our CNDO/CI calculations confirmed this assumption. The first calculated transition (Table 1 ) is a n -> n* transition with the energy of 29.0 kK. It consists mainly of the following monoexcited configurations: The orbital 23 is of the n type localized mainly on Oio (53%), C8 (12%) and C9 (10%). The orbitals 26, 28, 29 are of the n* type. While the orbitals 26 and 28 are delocalized all over the system, the orbital 29 is localised on the side conjugated chain (37% Cg, 21%.C8, 14% Oio, 10% C7).
The next three calculated transitions are of the 7i -> n* type and consist mainly of the following monoexcited configurations: The n orbital 26 is localized mainly on Oio (54%), C9 (10%), C8 (10%). The 7t* orbital 29 is delocalized over the whole molecule with an important contribution of AO's to C7 (22%), C8 (17%). The 71* orbital 31 is delocalized over the whole molecule, while the 71* orbital 32 is localized on C9 (38%), C8 (21%), Oio (14%), C7 (8%).
The next four calculated transitions are of the 71 -> 71* type, and compared with the experimental ones they have a shift of 1-4 kK towards higher energies. They consist prevailingly of the following monoexcited configurations: The n orbital 26 is localized mainly at O10 (54%), C9 (12%) and C8 (12%). The 71* orbitals 29 and 31 are delocalized over the whole 71 system. The 71* orbital 32 is localized mainly at C9 (37%), C8 (19%), O10 (13%), C7 (10%).
The 
p-Hydroxycinnam aldehyde
The experimental spectrum of p-hydroxycinnamaldehyde measured in ethanol consists of three well separated bands at 31.0, 42.9 and 48.0 kK, corresponding to n -> 71* transitions. The 71 -> 71* transitions at 34.8 kK and 37.7 kK were observed as shoulders. The low intensity n -> 71* transition at 27.4 kK observed as a shoulder of the first n->7i* band was calculated theoretically at 28. 5 
31],
The n orbital 26 is localized mainly at O10 (56%), C8 (12%), C9 (11%). The 71* orbital 29 is delocalized with an important contribution of AO's at C7, C8, C9. The 71* orbital 31 is localized mainly on Ci (22%), C4 (18%), C7 (16%) and C9 (14%). The tt* orbital 32 is localized mainly on the conjugated side chain (C9 37%, C8 21%, On, 14%).
This n -> 71* transition in the calculated spectrum is followed by four 71-^71* transitions which are bathochromically shifted against the experimentally found values. They arise mainly of the following monoexcited configurations: The 71 orbital 25 is localized mainly at C7 (25%), C8(20%), O10 (10%), C6(10%).
-Me thoxy-4-hydroxy cinnamaldehyde
The experimental spectrum of 3-methox3^-4-hydroxy cinnamaldehyde measured in ethanol consists of four bands corresponding to 71 -> 71* transitions at 29. The n orbital 31 is localized mainly at Oio (42%), C9 (14%), C8 (12%). The n* orbital 35 is localized at Ci (14%), C3 (10%), C7 (25%), C8 (17%). The n* orbital 37 is localized at Ci (27%), C3 (10%), C7 (16%), C9 (16%) and the n* orbital 38 is equally localized mainly at C8 (22%), C9 (38%), Oi0 (14%). After the n -> n* transition mentioned above four calculated n -> n* transitions follow which correspond to the first four 71 -> 71* transitions of the experimental spectrum. They consist mainly of the following monoexcited configurations: The 7t orbital 32 is localized mainly at Cß (17%), C7 (23%), C8 (22%), Oio (12%). Tables 2-6 show the calculated charge densities and dipole moments for the ground and some lower excited singlet states of the compounds investigated. Only the electron densities of the sceletal nuclei (Fig. 3) and of the hydroxyl group hydrogen are listed. The electron density of the other hydrogen atoms was changing only very little.
Charge Density Distributions
According to the atomic population analysis the n -> 71* transition in the case of cinnamaldehyde is accompanied by an electronic shift from the interior of the benzene ring to the C=0 group. For the hydroxy substituted cinnamaldehydes this transfer is accompanied by a remarkable charge transfer from the formyl group into the interior of the aromatic ring. For the 3-methoxy-4-hydroxy cinnamaldehyde this transition is, in contrary to the previous one, accompanied by a shift of electrons from both the OH and OCH3 groups into the interior of the benzene ring up to the side conjugated chain.
The first long wave 71 -> 71* transition in cinnamaldehyde is accompanied by a considerable charge transfer from the formyl group towards the interior of the benzene ring. Here the greatest change of the charge density occured on the atoms of the side conjugated chain. For both o-and m-cinnamaldehyde the first 71 -> 71* transition is accompanied by a considerable charge transfer from the area of the aromatic ring towards the formyl group. In contrary to it, for p-hydroxycinnamaldehyde and 3-methoxy-4-hydroxy cinnamaldehyde this transition is accompanied by the shift of the charge density from the OH, OCH3 and CHO groups towards the benzene ring.
The second 71 -> 71* transition is accompanied in the case of cinnamaldehyde by a charge shift to the conjugated side chain. In the case of o-, m-, p-hydroxycinnamaldehyde, in the contrary, an electron shift from the CHO group towards the benzene ring take place. In the 3-methoxy-4-hydroxy cinnamaldehyde this transition is accompanied by an electron shift from both the OCH3 and OH groups towards the side conjugated chain.
The third 71 -> 71* transtition in cinnamaldehyde is accompanied by an electron shift from the conjugated chain to the benzene ring. A similar charge shift occured in the case of 0-, m-hydroxycinnamaldehydes and 3-methoxy-4-hydroxy cinnamaldehyde. For p-hydroxycinnamaldehyde this transition is accompanied by a charge transfer from the OH group trough the benzene ring to the C=0 group.
The fourth and fifth 71 -> 71* transitions in the compounds investigated are accompanied by a variable charge change on every heavy atom (Tables 2-6 ).
Summary
The CNDO/CI method has been used for the theoretical investigation of the electronic spectra of cinnamaldehyde and its OH and OCH3 derivatives. .021
.013 -.007
.011 -.182 The calculated values of the transition energies were found in a good agreement with the experimental ones. The transitions with the energies of 27-29 kK in the experimental spectra of the compounds investigated correspond to the n -> ji* transitions in the theoretical spectra and are responsible for the colour of these substances. The OH and/or OCH3 substitution of the aromatic ring caused a bathochromic shift of both the calculated and experimental jc -> 71* transitions. The values of the calculated transition energies and the electron distribution depend, however, on the parametrization which is assumed. We have used the parametrization of Kuehnlenz and Jaffe 10 which was recently successfully applied on a larger scale for calculations of electronic spectra of organic molecules.
